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Abstract 

We analyze SUSY breaking vacua in s-confining theories with gauge group Sp{2N). The recipe 
we adapt is to couple gauge singlets to gauge invariant composites yielding meta-stable vacua 
near origin. At low energies, the complicated gauge theory is reduced to simple O'Raifeartaigh 
model with relevant interactions. We manage to compute the effective potential and one-loop 
mass for the pseudomoduli. Our conclusion is that only the model with one anti-symmetric 
tensor and six flavors has local stable SUSY breaking vacua. 
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1 Introduction 



We expect SUSY to be broken spontaneously in order to preserve its beautiful features. Any 
realistic SUSY-breaking model will encounter Supertrace problem. This constrains the structure 
of SUSY-breaking to be gauge (or gravity) mediated SUSY breaking. It mainly contains two 
aspects: build a model for the SUSY-breaking sector and mediate this to the MSSM. In this 
paper, we concentrate on the first one. 

Dynamical SUSY breaking was first proposed by Witten[[T][|2l to solve the hierarchy prob- 
lem between SUSY breaking scale and Plank scale. However, Witten index[3] and R-symmetry 
theoremdU forbid general existence of supersymmetry breaking at stable vacuum. If we want 
to construct generic models, metastable SUSY breaking is inevitable. This scenario dates 
back to Eillis et.al|l5l , they construct a model with a classically metastable vacuum in 1982. 
im, developed the first model which contains a small parameter characterizing the explicit R- 
symmetry breaking.The smallness of the parameter suppresses the possibility of tunnelling from 
metastable vacuum to true vacuum. In practice, however, this model suffers from the problem 
of non-calculability. 

With the advent of ISS model[|71, the problem of calculablity can be solved due to Seiberg 
duality lIHl BH . It also makes meta-stable SUSY breaking easy to achieve in various models [|20l . 
It is natural to seek for local minima in other types of gauge theories instead of global one. 
Recently, there is a revival ifTOl ifTTl [[T2l lfT3l [[T4l for looking for local minima in S-confining 
theories. S-confining theories [[T5l[[T6l are well understood, 

1. All degrees of freedom in IR are gauge invariant composites. 

2. It admits a smooth effective theory in terms of gauge invariant composites all over the 
moduli space including the origin of field space 

3. Dynamical superpotential is generated to specify constraints for gauge invariant compos- 
ites. 

N=l S\J{N) s-confining theories for Dynamical SUSY breaking have already been discussed in 
detail inllOl and ^ , especially on theory 2, 6, 7, 

The basic recipe [[T2l we adapt is to couple singlets Si to each gauge invariant composites Xi 
except one. 

5W = S,X, + fX (1) 

Here we mention that are made up of matter content whose mass dimension are not 1 . The 
construction of gauge invariant composites from matter belongs to the Hilbert series problem , 
which can be found in the recent development ffTTl IfTSl [|T9l . The corresponding Kahler potential 
is not conventionally canonical. 

^ ^ JX\2dF2^i^t (2) 

^see table 1 
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Theory 1 
Theory 2 
Theory 3 

Theory 4 
Theory 5 

Theory 6 
Theory 7 
Theory 8 
Theory 9 
Theory 10 



SU{N) 

SU{2N) 

SU{2N+l] 

SU{2N+l] 
SU{2N) 

SU{6) 
SU{5) 
SU{5) 
SU{6) 
SU{1) 



(N+l) (□ + □) 

B+2A^n+4n 
B+(2A^+i)n+4n 

B+|+3(n+n) 

B+B+3(n+S) 



+4(n+n) 
3(B+n) 
2B+2n+4n 
2B+5S+n 
2(B+3n) 



Table 1: s-confining SU{N) theories. 



where di is the mass dimension of X,- and repeated indices mean summation. In order to derive 
the canonical Kahler potential, we rescale Xi in the following way 



Xi^A'^'-^Xi (3) 

We can distinguish relevant terms from irrelevant terms once get canonical Kahler potential. 
Terms with can be ignored safely at lower energies. Usually, there is a classical flat direction 
associated with SUSY breaking which is called pseudomoduli space. At one-loop order the 
pseudomoduli are lifted by the Coleman-Weinberg potential. We have to compute the one-loop 
mass in order to testify whether or not the SUSY breaking is stable. Gauge mediation needs 
large global group which serves gauge interactions for MSSM. That makes the computation of 
Coleman-Weinberg potential [[2T| very difficult for the number of fields growing large. 

Multiple diagonalization of large matrix is too complicated to compute even for symbolic soft- 
ware such as Mathematica. With the invent of Vscape[l22| , we can compute Coleman-Weinberg 
potential numerically. It allows us to compare the schematic result with the numerical one and 
justify the stability and calculability. In this paper. We analyze SUSY breaking vacua in s- 
confining theories with gauge group Sp(2N). The recipe we have used above can create isolated 
minima near the the origin of field space, and the stability of this SUSY breaking scenario can 
be confirmed by either Vscape or schematic calculation. 

The paper is organized as follows. In section 2, we study Sp{2N) with 2A'^-|-4 fundamental 
flavors theories, Sp{2N) with 1 anti- symmetric tensor and 6 fundamental flavors. In this sec- 
tion, we classify the possible ways of linear perturbation fX. Canonical coupling is defined to 
be coupled to X with lowest mass dimension. Other types of perturbations are defined to be 
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twisted coupling. Canonical coupling has a straightforward pseudomoduli space which is easy 
to derive by Grobner Basis. For twisted coupling, pseudomoduli is parametrized by a polyno- 
mial equation rather than a complex coordinate. We leave this case in the accompanied paper. 
In section 3, we will draw the conclusions and discuss some open questions. 



2 S-Confining Theories and Dynamical SUSY Breaking 



S-confining theories must satisfy two criterions proved by Csaki et, al lfTSl . One is the Dynkin 
index relation 



(5) 



which rules out most theories immediately. The other condition is that the original theory can 
not be s-confining with reduced theory involving degrees of freedom more than gauge invariant 
composites. We now discuss s-confining theories with gauge group Sp{2N). We summarize the 
all gauge group and field content satisfying the relation |5]in to a table. 



Sp{2N) 

Sp{2N) 
Sp{2N) 



Sp{A 
Sp{A 
Sp{A 
Sp{6 

Sp{6 

Sp{6 

Sp{6 
Sp{S 



2N + 4n 

B+6n 
m+2n 



2d+4n 
3B+2n 
4B 

2B+2n 

□+5n 

^+B+n 

2E 
2B 



S-confining 

S-confining 
Coulomb branch 



SU{2) 
SU{2) 
SU{2) 



8n 

B+4n 
B+4n 



577(4) :2B + 4n 

Sp{4-) : 2m + 4n 

5t/(2) :m + 4n 

SU{3):B + n 
Sp{4) : sB 



From the table, we find only the first two theories are s-confining, the others flow to non- 
confining theories. 



2.1 Sp(2N) with 2N + 4 fundamental flavors 

This theory ||23l has gauge group Sp{2N) and 2// -|- 4 fundamental flavors matter content. When 
W = 0, theory has an anomaly-free SU {2N + 4) xU{1)r global symmetry with charges given 
in Table 1 . 





Sp{2N) 


SU{2N + 4) 


U{1)r 


Q 


□ 


□ 


1 

^+2 


X = Q^ 


1 




1 

^+2 
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In the strongly coupled IR regime, theory admits a weakly coupled S -confining description 
in terms of gauge invariant composite X = The dynamically generated superpotential is 

"^dyn = J^X'^' (6) 

The gauge invariant X has mass dimension 2. After rescale X to AX, superpotential becomes 

Since there is only one gauge invariant composite, canonical coupling is 

5W = hA^X (8) 

And the total superpotential is 

W = fX + A^^^X^+^ (9) 

where we have defined / = hA^. 

We note that when N > 1 , the relevent term is only fX, SUSY is spontaneouly broken by the 
F-term of X. However, there is no relevant interaction for X. That means there is no one-loop 
correction for the pseudomoduli X. Compared with this vanishing calculable corrections, non- 
calculable corrections dominate, which belongs to non-calculable SUSY breaking scenario. On 
the other hand, when N=l, the gauge group is Sp{2), F-term has solutions and SUSY is not 
broken. 



2.2 Sp{2N) with 1 anti-symmetric tensor and 6 fundamental flavors 

This theory [|24l has gauge group Sp{2N) with 1 anti-symmetric tensor and 6 fundamental fla- 
vors. When W = 0, theory has anomaly-free SU (6) x U (l) x U {1)r global symmetry, with the 
charges listed in the Table. 





Sp{2N) 


SU{6) 


f/(l) 


U{1)r 


A 




1 


-3 





Q 


□ 


□ 


N-1 


1 

3 




1 


1 


-3k 





M,„ = QA"'Q 


1 






2(N-l)-3k 


1 

3 



The confined spectra is 

Tk=A' (10) 
M„^ = QA"'Q (11) 

where k = 2,...,N, m = \,...,N- 1 
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2.2.1 Sp{A) 

We first consider the simplest one at A'^ = 2 



T2=A^ (12) 
Mo = Q^ (13) 
Ml = QAQ (14) 

Where the mass dimension of T2, Mq and Mi are 2, 2, and 3 respectively. The intriguing feature 
is that gauge invariant composites are either flavor singles or flavor anti-symmetric tensor which 
makes calculation simple. The dynamically generated superpotential is 
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Wrf = ^ 3 72Mo^ + ^MoMt j (15) 

After rescale superfields by T2 — j- ATj^Mq —f AMq,M\ A^Mi, the relevant dynamical 
superpotential is 

Wd = ^-MqM\ (16) 
There are only two types of couplings we can take after adding singlets to break SUSY, 

dW = fMQ + miSiMi+m2S2T2 (17) 

8W = /Ml + moSoMo + m2S2T2 (18) 

In the above equations, T2S2 are set to zero by solving corresponding F-terms when we 
look for minimal energy configuration. It implies that we can safely drop terms SjXj which 
do not appear in the relevant Wd- We call equation (fTTI) canonical coupling, the other one 
is called twisted coupling. Take canonical coupling into consideration at first. Therefore the 
entire superpotential isW = fMo + miSiMi + ^MqMj with the component form 

W = f'Moat + m,sfMiab + ^e"'"'''^Mo,,Mi,^Mi,^ (19) 

It is easy to see that SUSY is broken by using GroebnerBasis package in Mathematica. By 
setting / to zero, we get to know that the dangerous pseudomoduli is Mq. We use Vscape to 
compute Coleman-Weinberg potential numerically and prove the one-loop mass is positive. 

We can also take a schematic way to deal with this model by freezing the flavor components. 
Once we do that, it will reduce to basic O'Raifeartaigh model. The interesting point is that it 
mimic the complicated model in high accuracy compared with Vscape output. The parameters 
appearing in the model can be classified to two branches. 
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1 . Since m has naturally small parameter e = If > /, we have to tune f small enough 
compared with m by hand, then the theory is reduced to basic OR model with plenty of 
flavor components. The schematic calculation|§ shows one-loop mass for Mq is approxi- 
mated to j^f- So supersymmetry breaking is stable. The ratio between non-calculable 
and calculable correction is ^ << 1. So the supersymmetry breaking is calculable. 

2. If m << /, supersymmetry breaking is badly large, there is something interesting hap- 
pened. However, since we are only interested in whether or not supersymmetry break- 
ing is stable and calculable. The schematic result (freeze the flavor component) shows 

~ TeP'T"' ^^^^ means susy breaking is stable. The ratio is proportional to £, which is 
naturally small implying supersymmetry breaking is calculable. 

Move far away from the origin of field space, irrelevant interactions become more and more 
important. SUSY vacuu may or may not appear due to irrelevant interactions. However, there 
is no need for such vacuum existing. Because what we are interested is only meta-stable SUSY 
breaking. The meta- stability is guaranteed by the small ratio of Turn to twisted coupling, 
pseudomoduli is parameterized by a polynomial equation rather than a single coordinate. 

2mS''* + e^^'^'^fX.dXef = (20) 

The computation for Coleman-Weinberg is involved into ambiguity on which one is pseudo- 
moduli. We leave this issue into subsequent paper. 



2.3 Sp{6) 

Sp{6) has more gauge invariant composites. 



T2 


= A2 


T3 


= A3 


Mo 


= Q' 


Ml 


= QAQ 


M2 


= QA^Q 



The dynamically generated superpotential is 

Wd = ^ Qt^M^ + ^-T^M.Ml - ^-T2MIM2 + ^-MqMI + ^-M\M^ (22) 
After rescaling and coupling singlets to gauge invariant composites canonically. 

W = h^lM2 + ^MoM| + /Mo + miSiMi + m2S2M2 (23) 

We apply the same procedure to Sp{6) as Sp{A). SUSY is broken again by the F-term of 
Mq. The parameter f can be tuned to be much smaller than M1M2, then the conclusion of SUSY 

^Assume gauge invariant composites are flavor singlets 
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breaking for Sp{4) . A simple conjecture about higher rank Sp{2N) that all of them break SUSY 
spontaneously by the lowest dimension perturbation /Mq and creat the isolated local minima in 
the origin. 

3 Conclusion 

We use the simple recipe proposed by Shadmi and shirman to obtain local SUSY-breaking min- 
ima in s-confining theories with gauge group Sp{2N). The theory can be classified into two sim- 
ple types, Sp{2N) with 2N + 4 fundamental flavors does not give rise to effective O'Raifeartaigh 
model in the IR thus does not break SUSY, Sp{2N) with 1 anti-symmetric tensor and 6 funda- 
mental flavors can generate local non-supersymmetric minima which is a long-lived meta-stable 
vacuum. 

Pseudomoduli depends on what types of perturbation we choose. Canonical coupling can 
break SUSY easily and generalize to arbitrary rank of Sp{2N). 

Appendix 

In order to determine whether or not SUSY is broken and what the pseudomoduli is, we need 
to resort to component form of superpotential. At the first glance, there is a very complicated 
term e^^'^^'^f MQabM\cdM\ef- However, Mathematica can deal with it very well. Here we redefine 
Mq M,M\ —J- X, then we can get the explicit form of this term 





16M56X14X23 - 


16M46X15X23 + 16M45X16X23 


+ 


16M16Z45X23- 


16M15Z46X23 + 


16M14X56X23 




16M56X13X24+ 


16M36X15X24- 


16M35X16X24 


+ 


16M46X13X25- 


16M36X14X25 + 


16M34X16X25 




16M45X13X26+ 


16M35X14X26- 


16M34X15X26 


+ 


16M56X12X34- 


16M26X15X34+ 


16M25X16X34 


+ 


16M16X25X34- 


1 6M1 5X25X34- 


16M46X12X35 


+ 


16M26X14X35 - 


16M24X16X35 - 


16M1 5X24X35 


+ 


16M14X26X35 + 


16M45X12X36- 


16A/25Xi4X36 


+ 


16M24X15X36+ 


1 6M1 5X24X36 - 


I6M14X25X36 


+ 


16M36X12X45- 


16M26X13X45 + 


I6M23X16X45 




16M13X26X45 + 


16M12X36X45 - 


I6M35X12X46 


+ 


16M25X13X46- 


16M23X15X46+ 


I6M13X25X46 




16M12X35X46+ 


16M34X12X56- 


I6M24X13X56 


+ 


16M23X14X56- 


16M13X24X56+ 


I6M12X34X56 
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